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ABSTRACT 
Soybean (Glycine max L. Merr. cv 'Essex' , 'Forrest' and 
'Clark') seed were obtained from Dr. Mulchi of the University of 
Maryland. Seed from 1989 and 1990 were from plants which were 
exposed to three regimes of ozone during seed development including 
charcoal-filtered (no ozone), non-filtered (ambient ozone), and 
non-filtered + 40 n11-1 03" Seed from 1994 were developed with four 
pollutant regimes of ozone during seed development including 
charcoal-filtered (no ozone), non-filtered (ambient ozone), non-
filtered + 40 n11-1 , and non-filtered + 500 u11-1 co2 • The objective 
of this study was to assess how ozone during seed development 
affects vigor of seeds. Seed vigor was tested directly by field 
emergence and laboratory germination. Leakage of solutes was used 
to test seed vigor indirectly. Leakage of amino acids, sugars and 
ions from seeds was quantified by the ninhydrin method, the 
anthrone method, and electrical conductivity, respectively. Data 
were analyzed by ANOVA followed by mean separations. Field studies 
for 1989 & 1990 seed indicated some significant effects due to year 
on plant emergence and plant growth, however, no differences were 
found due to ozone. Germination studies for the 1989 & 1990 seed 
showed significant effects due to pollutant regimes. Root length 
studies revealed no significant differences due to pollutant 
regime. Significant differences were seen in ion leakage, and 
sugars due to year, however, no significant effects due to 
pollutant regime were observed. Field studies for the 19S4 seed 
ii 
indicated significant differences in plant height at 4 and 6 
weeksafter planting due to pollutant regimes. No differences in 
number of nodes, leaf area, fresh weight and dry weight due to 
pollutant regimes were observed. Significant effects due to 
pollutant regimes were observed in plant height, germination and 
root lenghts for the 1994 seed. No differences were seen in ion 
leakage, sugars or amino acids due to pollutant regime for the 1994 
seed. 
iii 
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CHAPTER 1 
INTRODUCTION 
1 
soybean is a member of the pea family, Leguminosae, which is 
one of the largest families of flowering plants. Soybean (Glycine 
max L. Merr.) is one of the primary crops worldwide, and one of the 
main agricultural crops in the United States today (Kress and 
Miller, 1983) . Research conducted in the field and laboratory over 
the past two decades has identified this crop as being negatively 
affected by photochemical oxidants such as ozone (03 ) (Mulchi et 
al., 1988) . A great deal of this research has focused on the 
impact of ozone on visible injury to plants, soybean yield, and 
compositional changes in seed quality. Few studies, however, have 
focused on how ozone affects seed vigor. Since other environmental 
parameters such as temperature, light and water during seed 
development affect seed vigor, it is feasible that ozone may also 
have an effect. Direct assessment of seed vigor can be conducted 
by measuring parameters such as germination percentage, germination 
rate, radicle length and plant emergence. Seed vigor can also be 
assessed indirectly by analyzing solutes which leak from seeds 
during the early stages of germination. Increased leakage 
frequently relates to decreased field emergence in other crops 
(Kull, 1992). Solutes such as sugars, amino acids and ions which 
leak from soybeans can be measured to indicate seed vigor. 
The objectives of this study were: 
1) To assess how seed vigor of soybeans is 
affected by ozone exposures during seed 
development. 
2) To relate seed vigor to leakage of solutes including 
ions, sugars and amino acids. 
2 
CHAPTER 2 
LITERATURE REVIEW 
3 
soybean plants are grown for their seeds which contain 
proteins, lipids and starches which are used in a variety of 
commercial products such as cooking oils, margarines, paints, 
animal foods, plastics and several other manufactured goods. 
In the past, the origin of the cultivated soybean has been 
disputed, however, scientists today believe the soybean originated 
in China (Poehlman, 1987). Archeological evidence in China dates 
its cultivation earlier than 5000 B.P. Legend says the Emperor 
Shen Nung (3500 B.P.) "sowed the five blessed grains", soybeans 
being one of them (Poehlman, 1987). Soybeans also have been 
referred to as the "China cow", because they have provided a source 
of protein when milk or meat has not been available in the Orient 
(Poehlman, 1987). 
In 1854, the United States Patent Office's plant section 
commissioned Commodore Matthew c. Perry to bring plants from Japan 
that were believed to be agriculturally important. The soybeans he 
collected were grown in the Patent Office's test plots to produce 
seed for distribution to farmers. However, it was not until after 
World War II that soybeans became recognized as an important source 
of protein and oil, as well as being able to fix nitrogen. Since 
then soybean production has increased dramatically. 
three million bushels were produced in the 
In the 1920's, 
United States 
(Gerrietts, 1993). In 1992, U. s. farmers produced nearly 2. 2 
4 
billion bushels (Gerrietts, 1993) In the United states, Illinois 
is the leading state in the production of soybeans based on acreage 
planted (Gerrietts, 1993). 
Air pollution has been a problem for over 200 years, and over 
the decades various forms of air pollutants have risen. With the 
advent of the industrial revolution, air pollution has greatly 
increased (Miller, 1994). Research shows that air pollution may 
negatively affect plant quality (Applied Science Assoc., 1978). 
The distribution of plant injury caused by ozone is documented in 
western, central and eastern areas of the United States (Applied 
Science Assoc., 1978). Air pollutants are generated from sources 
such as transportation, industry and the generation of electricity. 
These sources produce pollutants which are phytotoxic, which means 
they are toxic to plants. Photochemical smog, also known as 
photochemical oxidants, is a mixture of primary pollutants and 
secondary pollutants. Primary pollutants are made from human 
activities such as the burning of fossil fuels as well as the 
products from natural events such as volcanic eruptions and dust 
storms. Secondary pollutants are a mixture made from primary 
pollutants and components of the air. Photochemical smog is formed 
when primary pollutants react with sunlight in the upper 
atmosphere. Photochemical smog is dominated by the presence of 
ozone, a highly reactive gas which harms most organisms (Miller, 
1994). Ozone is one of the most phytotoxic oxidants to plants, and 
plant injury by ozone is well documented (Amundson et al., 1986,; 
Heagle, Body and Heck, 1973; Mulchi et al., 1992; Reich et al., 
5 
1986). Ozone induced injury has been observed on several types of 
plants such as conifers, grains and various vegetables (Applied 
science Assoc., 1978). Ozone threatens several crops such as corn, 
wheat, soybeans and peanuts, and is reducing U.S. crop production 
by 5-10% (Miller, 1994). 
Gaseous pollutants such as ozone enter into plants via 
stomata. Once ozone is inside leaf tissue, it affects cells 
(Applied Science Assoc., 1978). Ozone disrupts cell membranes and 
as these cellular structures break down, groups of cells collapse 
causing the visible external appearance of leaf injury. On broad-
leaved plants, such as soybeans, ozone attacks palisade mesophyll 
cells (Applied Science Assoc., 1978). Visible ozone induced injury 
is in the formation of flecks or stipples on upper leaf surfaces. 
Color of the flecks may vary but commonly these flecks are either 
white, yellow or tan in appearance (Applied Science Assoc., 1978). 
Stipples are small, dark pigmented groups of palisade cells which 
appear as small dark dots visible on upper leaf surf aces (Applied 
Science Assoc., 1978). Stipples vary in their range of color but 
may be red to dark reddish-purple (Applied Science Assoc., 1978). 
An important factor which plays a large role in the 
determination of plant response to ozone is genetics. Some plant 
species are more sensitive to ozone, while others are more tolerant 
(Applied Science Assoc., 1978). Even within the same species, 
namely soybeans, cultivars show variation in their response to 
ozone (Applied Science Assoc., 1978). 
Additional factors which also play a large role in 
6 
rlants responses to ozone are environmental parameters such as 
relative humidity and light intensity (Applied Science Assoc., 
1978). A study conducted by Leone and Brennan (1969) examined the 
possibility that high relative humidity on certain Begonia 
varieties increases their sensitivity to ozone. High relative 
humidity increased injury in certain Begonia species at a specific 
ozone dosage. This response was attributed by the investigators to 
the opening of stomata caused by high levels of relative humidity. 
Relative humidity and light intensity before and during exposure to 
ozone are two environmental parameters which influence responses of 
plants to ozone. Dunning and Heck (1973) examined the effects of 
light intensity and humidity on ozone fumigated pinto beans and 
tobacco plants. This study examined the interaction of relative 
humidity and light intensity during a pre-exposure growth period 
and an exposure period on the foliar sensitivity of pinto bean and 
cultivar Bel W3 tobacco, and found the ozone-induced responses of 
tobacco and bean plants are affected by light intensity or relative 
humidity before and during ozone exposures. 
The environment of soybean mother plants while in the 
reproductive state (seed development) can significantly affect 
morphology and growth rate of progeny for the same seed size, and 
the expression of this effect can be environmentally specific 
(Caufield and Bunce, 1991) • Both seed size and germination 
characteristics may be affected by the environment in which seeds 
developed 
Seddigh, 
(Orr et 
Jolliff 
al., 
and 
1983; Paul, Hardwick and Parker, 1984; 
Orf, 1988; Van Dijk, 1989). Another 
7 
environmental parameter such as ozone also may affect seed vigor as 
it relates to seed quality. 
soybeans are frequently grown for their seeds and seeds of 
high quality are required from U.S. farmers in order to compete in 
the world market (Kohn, 1993). High quality seeds are determined 
by an array of different tests and characteristics such as 
germination percentage, radicle length, seed weight, and coloration 
of seeds (Jordan et al., 1986). A seed germination test is used to 
determine percentage of successful germination under optimal 
conditions. However, germination tests alone may not be indicative 
of seed vigor under less than optimal conditions. Another test 
commonly used to demonstrate seed quality is the root length test 
which gives growers an indication of how well the seeds will 
develop their root system and thus produce a vigorous seedling. 
Germination begins with imbibition, the rapid uptake of water 
and oxygen by seeds. During this process, the dehydrated cell 
walls of the embryo expand with water. This physical event will 
occur whether seeds are viable, dormant or non-living (Bewley and 
Black, 1986). Germination ends when the radicle has broken through 
the seed coat. 
With the rapid intake of water and oxygen during imbibition, 
water soluble components of seeds have the potential to leak into 
the surrounding medium. Some examples of water soluble components 
found in soybean seeds are sugars, amino acids, phosphates, and 
organic acids (Herner, 1986). Leached ions which affect electrical 
conductivity also are found in the imbibitional water. Electrical 
8 
conductivity gives a good indication of ion leakage from seeds, 
however, this test does not indicate which specific ions have 
leaked from imbibed seeds. Leakage of electrolytes from sweet corn 
seed during the early phases of germination is related to poor seed 
quality and low field emergence (Waters and Blanchette, 1983). 
Furthermore, electrical conductivity is negatively correlated with 
germination and field emergence (Kull, 1992). Thus, solute leakage 
(sugars, amino acids and ions) is a quick and rather inexpensive 
tool that may be utilized to examine seed vigor as it relates to 
seed quality (Tracy and Juvik, 1988). Soybean germination is 
affected directly by environmental parameters such as water, oxygen 
availability, temperature and NaCl (Bewely and Black, 1986). For 
example, a moisture content in the germination medium of 50% is 
required for successful soybean germination (Howell, 1960). 
Excessive amounts of water reduces germination in soybeans (Howell, 
1960). Reduced germination may be attributed to the oxygen 
requirement needed for cellular respiration because water-soaked 
seeds may not have the necessary access to adequate levels of 
oxygen. Most seeds also require certain soil temperatures for 
successful germination. Soybeans are a short-day, warm season crop 
and the average temperature recommended for soybean germination is 
24 ± 2° c (Mutiah, Longer and Harris, 1994). Salt found in soils 
may negatively affect growth of plants by limiting uptake of water 
and/or being directly lethal to certain physiological reactions 
occurring in plants. The germination of lettuce seed is inhibited 
by high soil temperature and NaCl levels found in soils (Coons, 
9 
icuehl and Simons, 1990). Certain cultivars exposed to high levels 
of NaCl and high temperatures were found to be more tolerant 
compared to other lettuce cultivars. These environmental factors 
as well as others, greatly influence germination. 
Recent studies concerning the effects of ozone on soybean 
plants have primarily focused on yield, visible injury, oil and 
protein content of seeds as well as effects of ozone on certain 
growth processes such as metabolism and development. Effects of 
ozone at high concentrations between o. 20 and 1. 00 u11-1 on plants 
are well documented (Reich et al., 1986). Effects of lower 
concentrations of ozone on plants also were investigated by Reich 
et. al. (1986). Plants exposed to chronic levels (less than 0.15 
u11-1) of ozone commonly do not have visible foliar injury (Reich et 
al., 1986). However, lack of visible injury does not mean plants 
were not affected internally by the low levels of ozone. 
Photosynthesis and respiration rates as well as chlorophyll content 
were investigated. Net photosynthesis (PD), net assimilation rate, 
growth, and yield are all inversely linearly related to ozone 
concentration with reductions being of similar magnitude. 
Decreased PD is believed to be responsible for ozone induced 
reductions in yield. These data also suggest that soybean crops 
probably encounter some kind of ozone induced reduction in PD which 
leads to significant losses of yield (Reich et al., 1986) 
Ambient ozone concentrations commonly found in eastern and 
central portions of the U.S are able to significantly reduce yield 
of soybeans (Kress and Miller, 1983). The study suppo~ts other 
10 
~indings concerning reductions in yields caused by ozone. This 
study examined the impact of ambient ozone concentrations as well 
as three levels of ozone above ambient on soybean yield. With 
increased ozone, soybeans had fewer total pods per plant and more 
unfilled pods as well as fewer seeds per pod. Increasing the ozone 
above ambient conditions yielded seeds that had higher percentage 
protein and lower percentage oil. 
Another environmental parameter which affects yield is water 
stress (Momen et al., 1979; Sionit and Kramer, 1977). However, 
water stress may alter effects of ozone injury to plants (Olszyk 
and Tibbitts, 1981). Since moisture and ozone stress occur in most 
agricultural regions together, Amundson et al. (1986) examined the 
interaction of these two stresses on growth, allocation of biomass, 
and flowering. Water and ozone stress both reduced growth, 
however, these two environmental parameters interacted together 
such that the percent reduction in growth caused by ozone was less 
in water stressed plants than in well-watered plants. This 
response was attributed to the reduction in stomatal conductances. 
Exposure to ozone did reduce plant growth, however, it did not 
influence the allocation of biomass to leaves, stems, and roots. 
Reduction in growth was associated with reductions in net 
photosynthesis in whole plants and individual leaves. Ozone also 
delayed the beginning of flowering for up to seven days. Water 
stress alone significantly reduced growth of soybeans but it had no 
effect on the onset of flowering or allocation of biomass. 
Very few studies have been conducted pertaining to the effects 
11 
of ozone on soybean seed quality, although one study conducted by 
;Howell and Rose (1980) examined secondary effects of ozone on seed 
germination and chemical composition of soybean seeds. Seeds were 
harvested from plants grown in open-top field chambers with carbon-
filtered (no ozone), non-filtered (ambient ozone) and in plots with 
no chambers during 1973, 1974 and 1975. No significant difference 
was seen in percentage germination for seeds produced in filtered 
and non-filtered air. However, the yield of soybean in filtered 
and non-filtered chambers were different by a significant 20%. In 
conclusion of this study, Howell and Rose believe that seed 
germination was not significantly influenced by air quality with 
chambers and thus germination is not associated with relative 
soybean yields. 
CHAPTER 3 
MATERIALS AND METHODS 
12 
Soybean (Glycine max. L. Merr.) seeds were obtained from Dr. 
Charles Mulchi of the University of Maryland. The first batch of 
seeds (cv 'Clark') were obtained in winter of 1993. The seeds were 
from two growing seasons, 1989 and 1990, and were developed with 
three ozone regimes: charcoal-filtered (no ozone), non-filtered 
(ambient ozone), and non-filtered + 40 n11-1 ozone. The 7-hr 
seasonal ozone levels for the CF, NF and NF + ozone in 1989 were 
24.1, 42.5, and 68.8 nll~. In 1990, the seasonal 7-hr means were 
27. 8, 54. 8 and 76. 6 n11-1 • The seeds were stored at room 
temperature in Dr. Mulchi' s laboratory at the University of 
Maryland. Seeds then were stored in a sealed plastic container (9 
x 13 x 12 cm) at room temperature in the plant physiology 
laboratory at Eastern Illinois University. The second batch of 
soybean seeds (Glycine max L. Merr. cultivars 'Essex' and 
'Forrest') were harvested in October 1994 and were received in 
December 1994. These seeds were from plants which were exposed to 
four regimes of ozone and two water regimes (with water and with 
low water) during seed development. The four regimes of ozone were 
charcoal-filtered (no ozone), non-filtered (ambient ozone), non-
filtered + 40 n11-1 ozone, and non-filtered + 500 u11-1 C02 • Seeds 
were stored in a refrigerator at 10° c in plastic packets and placed 
in a sealed plastic container (9 x 13 x 12 cm). 
13 
rield Emergence 
Field studies of soybean emergence were examined for seed from 
;all years and treatments. The design of the experiment was a 
randomized complete block with each block 0.9 m x 10.8 m, and each 
treatment was replicated four times. In each block 26 seeds per 
treatment were planted approximately 5 cm deep and rows were .914 
m apart using an Ames hand planter at the University of Illinois 
Horticulture farm, Urbana, Illinois on May 19, 1994 and on June 6, 
1995. The soil type was Drummer silty clay loam. Soil temperature 
was monitored at planting and each sampling date at 5 cm depth with 
a wescor Digital TC Thermometer (Model Th-65, Logan, UT) using a 
copper constantan thermocouple. Soil temperatures in 1994 were 
19.2° ± 0.3°, 25.4° ± 0.6°, 35.9° ± 1.2°, and 36.5° ± 1.7° at 
0,2,4,and 6 weeks after planting. Soil temperatures in 1995 were 
30.7° ± 0.8°, 38.2° ± 2.6°, 28° ± 1.4°, and 35° ± 2.4°, at 0,2,4, and 
6 weeks after planting. At two, four, and six weeks, one plant 
from each treatment and block was sampled. The total number of 
plants emerged, plant height, and number of leaves per plant were 
measured. One plant per treatment and block at the six week 
sampling was collected from the field and quickly placed into a 
plastic bag which was then sealed. Fresh weight was measured 
immediately after the plant was removed from the plastic bag in the 
University of Illinois plant physiology laboratory using an 
electronic balance. Leaf area of the whole seedling shoot was 
determined by using a Li-Cor leaf area meter (Model 3100, Lincoln, 
NE) which was calibrated using 10 and 50 cm2 metal disks. Seedlings 
14 
Jere placed in appropriately labeled bags and taken back to the 
Eastern Illinois University plant physiology lab. All of the paper 
bags were placed in a drying oven (Despatch LOS) at approximately 
70° C for one week. Dry weight was measured using an electronic 
balance. 
Germination 
Soybean seeds were placed on 2 sheets of filter paper (Whatman 
no. 1) and moistened with 10 ml of distilled, deionized water in 
sterile glass petri dishes (9 cm x 1.5 cm). Four replications per 
treatment with 20 seeds per replication were imbibed. Dishes were 
kept in sealed plastic containers (9 x 13 x 12 cm) in order to 
prevent water loss during germination. No additional water was 
added. The plastic container then was placed in a dark growth 
chamber (Sherer Model Cel 257, Sherer-Gillett co., Marshall, MI). 
Temperature of the growth chamber was set at 30° c ± 0.5° for 
optimal soybean growing conditions. Temperature was monitored 
daily using a digital thermocouple thermometer (Wescor Inc., Logan, 
UT) with a copper constantan thermocouple. Seeds were considered 
germinated when the radicle projected 1 cm from the seed surface. 
Petri dishes were checked every day for 10 days. Number of 
germinated seeds were recorded, and then seeds were removed from 
petri dishes. Fungal and bacterial growth were noted in each dish. 
Germination tests for 1989 and 1990 seeds were not treated, 
however, the 1994 soybean seeds were treated with Thiram due to 
possible pathogen attack during the germination study. After 10 
15 
days, percent germination was calculated. 
Root Length 
Soybean seeds were imbibed in plastic seed envelopes with 
paper liners ( 16. 5 x 17. 5 cm, Northrup King, Minneapolis, Mn) • 
Four replication per treatment were labeled and four soybean seeds 
were placed in the fold of each seed envelope. Envelopes then were 
soaked with 10 ml of distilled, deionized water and hung upright in 
a plastic container. Envelopes were watered with 10 ml of 
distilled, deionized water when they began to dry. The container 
was covered with plastic wrap to lessen moisture loss during the 
growth period. Envelopes were placed in a dark growth chamber 
(Sherer Model Cel 257, Sherer-Gillett Co., Marshall, MI) at 30° c 
+ 0.5°. Root lengths were measured daily from the perforated edge 
of the paper towel downward to the root tip. Temperature was 
monitored daily using a digital thermocouple thermometer (Wescor 
Inc., Logan, UT) with a copper constantan thermocouple. Root 
lengths after 11 days were calculated with the lengths of the four 
seeds per envelope averaged to represent one value per replication. 
sugars 
For each treatment, 6 replications of two seeds per 5 ml 
distilled water were imbibed for 24 hours as explained previously 
for the ion leakage tests. Prior to imbibition, seeds were weighed 
using an electronic scale (Ohaus model E400). After imbibition 
seeds were quickly removed from each 50 ml glass beaker and 
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disposed by filtering the imbibitional water and seeds through 
calbiochem Miracloth in order to reduce the amount of seed debris 
which could interfere with the Spectrophotometer-20 reading. 
Analysis of seed leachate for sugars was conducted by using a 
colorimetric anthrone test (Umbriet, Burris, and Staufer, 1959). 
When most soluble sugars and polysaccharides after hydrolysis are 
mixed with anthrone reagent, blue-colored complexes are formed. 
Anthrone reagent (ICN Biochemicals, Cleveland, OH), 0.1 g anthrone 
per 1 L concentrated sulfuric acid, (Fisher Scientific Company, New 
Jersey) was made prior to each test and kept at room temperature in 
a dark plastic bottle. If the anthrone reagent was not used in a 24 
hour period it was discarded. One ml of each imbibitional water 
replication was pipetted into appropriately labeled test tubes. A 
burette was used to dispense 3 ml of anthrone reagent into each 
labeled test tube. Two water-anthrone blanks were made by mixing 
1 ml of distilled water and 3 ml of anthrone reagent. A glucose 
standard curve was prepared by using glucose concentrations of 20, 
40, 60, 80 and 100 ug/ml from a stock solution of 10 mg of 
glucose/100 ml (Appendix B). The standards and samples were placed 
in a boiling water bath on a hot plate for 10 minutes. After 10 
minutes, all test tubes were placed in an ice bath for 15 minutes 
or until cool. The absorbance readings of each sample and standard 
were read using a Bausch & Lomb, Spectronic-20 (Milton Roy, Co.) at 
620 nm and compared to the standard curve. For the 1989 & 1990 and 
1994 seed the linear equations are: y = 0.0137x +(-)0.044 and 
y=O.OlOx + (-)0.0157. The concentration of sugar for each sample 
17 
was calculated using a linear regression equation from standard 
curve (Appendix B). Seed weight average was used to calculate 
sugar concentration per gram of seed. 
calculated as ug sugar/gram seed. 
Amino Acids 
Sugar concentration was 
For each treatment, 6 replications of 2 seeds per 5 ml of 
distilled water were imbibed for 24 hours as previously explained. 
After the 24 hour period, seeds were quickly removed by filtration 
through Calbiochem Miracloth from the 50 ml glass beakers. 
Quantitative analysis of the seed leachate was conducted by using 
a colorimetric ninhydrin test (Moore and Stein, 1954) . The 
ninhydrin reagent was prepared as follows: 
Hydrindantin: The first solution was prepared by dissolving 16 g 
ninhydrin (Aldrich Chemical Company, Milwaukee, WI) into 400 ml 
distilled water at 90° c. The second solution was prepared by 
dissolving 16 g ascorbic acid (Fisher Scientific Company, N.J.) in 
40 ml distilled water at 40° c. The two solutions were combined in 
a 500 ml glass beaker only when both solutes were completed 
dissolved. The resulting mixture was gently stirred with a clean 
glass rod for 5 seconds. Within 20 seconds after mixing, 
crystallization began and continued for a total of 30 minutes at 
room temperature. After the elapsed time of 30 minutes, the beaker 
was placed in a cool tap water bath which allowed the crystallized 
compound to cool to room temperature for about one hcur. The 
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krystallized hydrindantin was filtered and washed twice with 
f 
~istilled water through Calbiochem Miracloth. The hydrindantin 
crystals were placed into a dark glass bottle and dried in a dark 
;drying oven which had a blower at 25° c for 24 hours. The dried 
hydrindantin powder was stored in a tightly sealed dark glass 
bottle until use. 
4N Sodium Acetate Buffer: 136 g NaOAc · 3H20 (Fisher Scientific 
company, N.J.) was added to 100 ml warm distilled water which was 
around 45 to 50° c. The temperature of the water was maintained 
until all of the sodium acetate was dissolved. The solution was 
cooled to room temperature and 25 ml of glacial acetic acid (Fisher 
Scientific Company, N.J) was then added. The resulting mixture, 
sodium acetate buff er solution was then diluted to a volume of 250 
ml with distilled water to reach a pH of 5.5. The pH was tested 
using a Corning pH meter model 10. If the correct pH of 5.5 was 
not obtained, and adjustment was necessary, 5 g of NaOH 
corresponded to 0.04 pH units. The sodium acetate buffer solution 
was stored in a clear glass bottle in a refrigerator until use. 
Ninhydrin Reagent: The ninhydrin reagent was made prior to use and 
any reagent left over was discarded. 1.11 g ninhydrin and 0.166 g 
hydrindantin were dissolved into 41.6 ml of Cellosolve {Sargent-
Welch Scientific Company, Skokie, IL). This solution was carefully 
hand-stirred with a clean glass rod in order to prevent air 
bubbles. After final dissolution, 13. 83 ml of sodium acetate 
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buffer was added and the solution was carefully stirred for 5 
seconds. The dark reddish-brown reagent was quickly placed into a 
dark plastic bottle and kept away from direct light until used. 
standard curve: A leucine standard curve was prepared from a stock 
solution of 200 ug leucine/ml distilled water. For the 1989 & 1990 
seed the linear equation is: y = o. 055x + o .189. Leucine 
(Calbiochem, San Diego, CA} a white crystalline amino acid was 
chosen because it is the most primary amino acid found in plants 
and is not as likely to be broken down during plant metabolic 
activities. For the first batch of seeds (1989 & 1990) which were 
developed under three pollutant regimes, the stock solution was 
diluted to yield a concentration series of 37, 25, 15 10, and o ug 
leucine/ml distilled water. For the second batch of seeds (1994) 
which were developed under four pollutant regimes, the stock 
solution was diluted to yield a concentration series of 45, 35, 25, 
20, 15, and o ug leucine/ml distilled water (Appendix B). Equation 
used for the 1994 seed: y = b + m1x + m2x2 (y = o. 027 + -o. 019 + 
0.0013. 
Basic Procedure: Determination of amino acids present in the 
imbibitional water and in the concentration series of the leucine 
standard curves was conducted by the following procedure: a 2 ml 
Volume of each sample solution (i.e. imbibitional water or standard 
curve solution) was pipetted into test tubes holding 1 ml of 
ninhydrin reagent. Two water-ninhydrin blanks were prepared using 
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2 ml of distilled water and 1 ml of ninhydrin reagent. Test tubes 
were capped and shaken vigorously by hand for 10 seconds, and then 
placed in a boiling water bath for 15 minutes. After 15 minutes, 
6 ml of a 50:50 ethanol-water solution was added to each test tube. 
Test tubes were then placed in a plastic tube filled with ice and 
allowed to cool. Preceding the Spectrophotometer-20 readings at 
580 nm, each test tube was shaken in order to decrease any 
remaining hydrindantin. Sample test tubes then were compared to 
the standard curve. Absorbance readings were recorded for the 
imbibitional water and leucine standard curve. Amino acids were 
calculated using the standard curve. 
Ion Leakage 
Preliminary studies were performed to determine how long after 
the start of imbibition to run tests (Appendix A). In conclusion 
of these studies, the equilibration time was set at 24 hours. For 
each treatment, six replications of two seeds per 20 ml of 
distilled, deionized water were first weighed and then imbibed in 
50 ml glass beakers at room temperature (25° C) in daylight. After 
24 hours electrical conductivity of the 20 ml imbibitional water 
was recorded for each replication. Seeds were not removed from 
their imbibitional water during this initial reading. Electrical 
conductivity (recorded in umhos with the meter set at 85 Hz) was 
measured using a Beckman Conductivity Altrex Bridge RC-16C with a 
GOl conductivity cell. Seeds and imbibi tional water of each 
replication were then ground evenly using a Brinkman Polytron 
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Homogenizer PT 3000 with a Brinkman 89/Polytron probe, 12 mm, PT-DA 
3012/2 (Westbury, NY) for about 40 seconds. The final ground seed 
solutions were filtered through Calbiochem Miracloth (La Jolla, CA) 
and the electrical conductivity of the ground seed filtrate was 
measured at room temperature. Percent ion leakage was calculated 
by dividing the initial electrical conductivity by final electrical 
conductivity and multiplying by 100. 
statistical Analyses 
All parameters for the 1989 and 1990 seeds were analyzed using 
a two-way ANOVA. The two factors involved in each ANOVA were 
pollutant treatment and year. All parameters for the 1994 seeds 
were analyzed by using a three-way analysis of variance. The three 
factors involved in each ANOVA were pollutant, cultivar and water 
regime. When analysis of variance revealed an interaction between 
factors, data for individual pollutant, cultivar and water regimes 
were examined separately by one-way analyses of variance. The 
experimental design was completely randomized for germination,root 
length, ion leakage, sugars and amino acids tests. The 
experimental design was randomized complete blocks for field tests. 
The Costat computer program was used for all statistical analyses. 
Means were separated by Duncan's multiple range test at a 
significance level of P = 0.05. Means presented in tables and 
figures are lumped if no significant interactions between factors 
were revealed in the analysis of variance, and separated when 
significant interactions occurred. 
Field Emergence 
CHAPTER 4 
RESULTS 
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Field emergence studies for the 1989 and 1990 seed showed no 
significant interaction between factors. However, Year showed 
some significant effects. In the 1994 field season, 1989 seed 
had significantly lower plant emergence at the 2, 4 and 6 weeks 
compared to the 1990 seed (Table 1). In the 1995 field season, 
1990 seed had significantly lower plant emergence at the 2,4 and 
6 weeks while 1989 seed had greater plant emergence (Table 1). 
Number of plants emerged in 1994 and 1995 at 2,4 and 6 weeks 
showed no significant effects due to pollutant regimes (Table 2). 
Plant height and the number of nodes at 2, 4 and 6 weeks in 
1994 did not show any statistically significant effects due to 
year (Table 3). Plant height for 1989 & 1990 seed at the two 
week sampling date in 1995 showed statistically significant 
effects due to year (Table 4). Plant height for the 1989 seed in 
the non-filtered pollutant regime was significantly greater 
compared to the 1990 seed in the non-filtered pollutant regime 
(Table 4). The number of nodes in 1989 showed no significant 
effects due to year or pollutant regime. 
Plant height for the 1989 & 1990 seed at the 4 ~eek sampling 
date in 1995 showed no significant effects due to year (Table 5). 
However, the number of nodes was statistically greater for 
the 1989 compared to the 1990 seed (Table 5). Plant height for 
the 1989 & 1990 seed showed some significant effects due to year 
'!'able 1. Number of plants emerged for 1989 & 1990 seed at 2, 
4, and 6 weeks after planting in 1994 & 1995. 
year of seed 
production 
Weeks after planting 
---------------------------------------------------------------
2 4 6 
---------------------------------------------------------------
1994 season 
1989 1. 3 bz,y 1.8 b 0.8 b 
1990 3.4 a 4.3 a 2.7 a 
1995 season 
1989 9.8 a 8.4 a 8.0 a 
1990 2.3 b 1.9 b 1.8 b 
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z Means within a column and each season followed by same letter 
are not significantly different based on Duncan's Multiple Range 
Test at P=0.05. 
Y Plants emerged out of 26 seeds planted per row. 
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Table 2. Number of plants emerged from seed developed with 3 
pollutant regimes at 2, 4 and 6 weeks after planting in 
1994 & 1995. 
Pollutant regime Weeks after planting 
-----------------------------------------------------------------
2 4 6 
-----------------------------------------------------------------1994 Season 
2 • 8 aY,X 4.3 a 2.5 a 
NF 2.8 a 2.4 a 1.4 a 
1. 6 a 2.4 a 1. 3 a 
1995 Season 
CF 5.3 a 4.5 a 4.1 a 
NF 5.5 a 5.0 a 4.9 a 
7.3 a 6.0 a 5.6 a 
z CF = Charcoal-filtered, NF = Non-filtered, NF + 03 = Non-
filtered + 40 n11-1 0 3 • 
Y Means within a column and each season followed by same letter 
are not significantly different based on Duncan's Multiple Range 
Test at P=0.05. 
x Plants emerged out of 26 seeds planted per row. 
Table 3. Plant height (cm) and number of nodes for 1989 & 1990 
seed at 2, 4, and 6 weeks after planting in 1994. 
Year of seed 
production 
1989 
1990 
1989 
1990 
2 
2.5 
3.4 
1.3 
1.9 
Weeks after planting 
4 6 
Plant height (cm} 
az 5.4 a 5.2 a 
a 7.3 a 18.7 a 
Number of nodes 
a 3.4 a 3.0 a 
a 3.5 a 5.2 a 
25 
z Means within a column and a parameter followed by same letter 
are not significantly different based on Duncan's Multiple Range 
Test at P=0.05. 
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":'able 4. Plant height (cm) and number of nodes for 1989 & 1990 
seed developed with 3 pollutant regimes at 2 weeks 
after planting in 1995. 
Pollutant 
regime 
CF2 
NF 
Plant height Ccm> 
3.9 a 
1.8 a 
4.6 a 
Nwnber of nodes 
1989 1990 
2.0 aDI 2.3 a 
0.7 a 
2. 5 a 01 2.4 a 
z CF = Charcoal-filtered, NF = Non-filtered, NF + 0 3 = Non-
filtered + 40 nll~ 0 3 • 
Y Means within a column followed by same letter are not 
significantly different based on Duncan's Multiple Range Test at 
P=0.05. 
oa Means for years are not significantly different within row and 
parameter. 
• Means for years are significantly different within row and 
parameter. 
Table 5. Plant height (cm) and number of nodes for 1989 & 1990 
seed at 4 weeks after planting in 1995. 
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Year of seed 
production 
Plant height (cm) Number of nodes 
1989 5.1 a 
1990 7.6 a 3.4 b 
z Means within a column followed by same letter are not 
significantly different based on Duncan's Multiple Range Test at 
P=0.05. 
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Table 6. Plant height (cm) and number of nodes for 1989 & 1990 
seed developed with 3 pollutant regimes at 6 weeks 
after planting in 1995. 
Pollutant Plant height {cm) Number of nodes 
regime 1989 1990 1989 1990 
CFZ 12. 2ay,ns 19.6a 4. 8a01 7.3a 
NF 21. 6a • 5.3a 6.oans 1.8a 
NF + 03 22.0ans 5.la 7. Oa01 5.3a 
z CF = Charcoal-filtered, NF = Non-filtered, NF + 0 3 = Non-
filtered + 40 n11-1 0 3 • 
Y Means within a column followed by same letter are not 
significantly different based on Duncan's Multiple Range Test at 
P=0.05. 
ns Means for years are not significantly different within row and 
parameter. 
• Means for years are significantly different within row and 
parameter. 
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but not to pollutant regime at 6 weeks in 1995 (Table 6). In 
thenon-f iltered pollutant regime plant height for 1989 seed was 
significantly greater than for 1990 seed (Table 6) . No 
significant differences were revealed for the number of nodes for 
both 1989 and 1990 seed in any pollutant regime (Table 6). 
Leaf area, fresh weight and d~y weight for 1989 & 1990 seed 
at 6 weeks after planting revealed no significant differences due 
to year in the 1994 field season (Table 7). However, in the 1995 
field season, 1990 seed had significantly lower means for leaf 
area, and fresh weight compared to the 1989 seed (Table 7). 
No significant effects due to pollutant regimes were revealed for 
leaf area, fresh weight and dry weight for the 1989 & 1990 seed 
at 6 weeks (Table 8). However, leaf area, fresh weight and dry 
weight in the 1995 field season appeared higher in all pollutant 
regimes compared to the 1994 field season (Table 8). 
Field emergence studies for the 1994 seed at the 2,4, and 6 
weeks after planting showed no significant interaction between 
factors and no significant effects for the number of plants 
emerged due to cultivar, pollutant or water regime (Table 9). 
At the 2 week sampling date for the 1994 seed, plant height 
showed some significant effects due to cultivar (Table 10). 
'Forrest' seed had statistically higher plants compared to 
'Essex' seed. However, no differences were revealed at the 2 
week sampling date due to pollutant or water regime. At the 4 
week sampling date for 1994 seed, differences in plant height 
were revealed due to cultivar and pollutant regime (Table 10). 
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~able 7. Leaf area (cm2), fresh weight (g) and dry weight (g) 
for 1989 & 1990 seed at 6 weeks after planting in 1994 
& 1995. 
-----------------------------------------------------------------
Leaf area ( cm2 ) Fresh weight (g) Dry weight (g) 
-----------------------------------------------------------------
Year of seed 
production 
1989 
1990 51.5 a 
1989 436.9 a 
1990 207.9 b 
1994 season 
1. 7 a 0.3 a 
2.6 a 0.5 a 
1995 Season 
12.2 a 2.5 a 
6.2 b 1.6 a 
z Means within a column and each season followed by same letter 
are not significantly different based on Duncan's Multiple Range 
Test at P=0.05. 
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Table 8. Leaf area (cm2), fresh weight (g), and dry weight (g) 
for seed developed with 3 pollutant regimes at 6 weeks 
after planting in 1994 and 1995. 
Pollutant 
regime 
NF 
CF 
NF 
Leaf 
area (cm2 ) 
59.4 aY,X 
52.0 a 
20.0 a 
336.5 a 
281. 2 a 
349.3 a 
Fresh 
weight (g) 
1994 Season 
2.6 a 
2.6 a 
1. 2 a 
1995 Season 
9.7 a 
8.0 a 
10.0 a 
Dry 
weight (g) 
0.5 a 
0.4 a 
0.2 a 
2.2 a 
1. 6 a 
2.4 a 
z CF = Charcoal-filtered, NF = Non-filtered, NF + 0 3 = Non-
filtered + 40 nll-1 Op 
Y Means within a column and each season followed by same letter 
are not significantly different based on Duncan's Multiple Range 
Test at P=0.05. 
Table 9. Number of plants emerged at 2, 4, and 6 weeks after 
planting for 1994 seed. 
Weeks after planting 
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-----------------------------------------------------------------
2 4 6 
-----------------------------------------------------------------
cul ti var 
•Forrest' 
•Essex' 
Pollutant 
regime 
NF 
water 
regime 
water 
low water 
21. 6 aZ.Y 
22.4 a 
21.5 a 
21.8 a 
22.2 a 
22.5 a 
22.1 a 
22.0 a 
21.1 a 21.0 a 
22.0 a 21.3 a 
21.2 a 21.0 a 
21.2 a 20.6 a 
21.2 a 21.1 a 
22.5 a 21.8 a 
21.4 a 20.6 a 
21. 7 a 21.7 a 
z Means within a column and a parameter followed by same letter 
are not significantly different based on Duncan's Multiple Range 
Test at P=0.05. 
Y Plants emerged out of 26 seeds planted per row. 
x CF = Charcoal-filtered, NF = Non-filtered, NF + 0 3 = Non-
filtered + 40 n11-1 0 3 , and NF + co2 = Non-filtered + 500 uli-1 
C02 • 
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Table 10. Plant height (cm) at 2 and 4 weeks after planting for 
1994 seed. 
Weeks after planting 
-----------------------------------------------------------------
2 4 
-----------------------------------------------------------------
cul ti var 
'Forrest' 
'Essex' 
Pollutant 
regime 
NF 
water 
regime 
water 
low water 
14.6 a 
5. 2 b 13.2 b 
5.5 a 12.6 b 
5.2 a 14.3 ab 
5.6 a 15.1 a 
5.5 a 13.5 ab 
5.4 a 14.1 a 
5.5 a 13.6 a 
z Means within a column followed by same letter are not 
significantly different based on Duncan's Multiple Range Test at 
P=0.05. 
Y CF = Charcoal-filtered, NF = Non-filtered, NF + 0 3 = Non-
filtered + 40 n11-1 03 , and NF + C02 = Non-filtered + 500 uli-1 C02 • 
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•Forrest' seed had significantly greater plant height as compared 
to 'Essex' seed (Table 10). In pollutant regimes, plant height 
was highest in the non-filtered + ozone and lowest in the 
charcoal-filtered pollutant regime (Table 10). 
At 6 weeks after planting, significant differences were seen 
in plant height due to pollutant regimes (Table 11). 'Forrest' 
seed developed with water had the greatest plant height in the 
non-filtered pollutant regime (Table 11). Plant height was 
significantly lowest in the non-filtered + ozone and non-filtered 
+ C02 pollutant regime (Table 11) • No significant differences 
were seen in 'Forrest' seed developed with low water or in 
'Essex' seed developed with water or low water regimes due to 
pollutant regimes (Table 11) . 
For 1994 seed at 2,4, and 6 weeks after planting no 
significant differences were seen for the number of nodes due to 
cultivar, pollutant or water regimes (Table 12). 1994 seed at 6 
weeks revealed no significant differences due to cultivar, 
pollutant and water regimes for leaf area, fresh weights and dry 
weights (Table 13). 
Germination 
Germination of 1989 seed revealed significant interactions 
between factors. A one-way analysis of variance was conducted on 
each day. For seed developed in all 3 pollutant regimes, 
germination began on day 2 (Fig.1). On day 2, germination 
percentages were significantly different due to pollutant 
regimes. Charcoal-filtered seed had significantly higher 
Table 11. Plant height (cm) 6 weeks after planting for 1994 
seed. 
'Forrest• 'Essex• 
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water Low Water water Low water 
pollutant 
regime 
CF 23.8 abY 23.1 a 29.6 a 22.1 a 
NF 29.5 a 23.7 a 25.6 a 19.5 a 
NF + 03 22.0 b 23.4 a 25.4 a 20.9 a 
NF + C02 21. 6 b 22.7 a 25.4 a 20.7 a 
z CF = Charcoal-filtered, NF = Non-filtered, NF + 03 = Non-
filtered + 40 n11-1 03, and NF + C02 = Non-filtered + 500 u11-1 C02 • 
Y Means within a column followed by same letter are not 
significantly different based on Duncan's Multiple Range Test at 
P=0.05. 
Table 12. Number of nodes at 2, 4, and 6 weeks after planting 
for 1994 seed. 
cultivar 
'Forrest' 
'Essex' 
Pollutant 
regime 
NF 
NF + C02 
water 
regime 
water 
low water 
2 
2.7 a 
2.7 a 
2.7 a 
2.9 a 
2.8 a 
2.7 a 
2.8 a 
Weeks after planting 
4 6 
5.9 a 9.0 a 
6.1 a 8.7 a 
5.9 a 9.7 a 
6.1 a 8.4 a 
6.2 a 8.8 a 
5.9 a 8.6 a 
6.1 a 9.1 a 
6.0 a 8.7 a 
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z Means within a column and a parameter followed by same letter 
are not significantly different based on Duncan's Multiple Range 
Test at P=0.05. 
Y CF = Charcoal-filtered, NF = Non-filtered, NF + 03 = Non-
filtered + 40 n11-1 0 3 , and NF + C02 = Non-filtered + 500 u11-1 C02 • 
Table 13. 
at 
Leaf area (cm2), fresh weight (g), and dry weight (g) 
6 weeks after planting for 1994 seed. 
'J7 
-----------------------------------------------------------------Leaf 
area (cm2 ) 
Fresh 
weight (g) 
Dry 
weight (g) 
-----------------------------------------------------------------
cul ti var 
'Forrest' 
'Essex' 
Pollutant 
regime 
NF 
NF + C02 
water 
regime 
water 
low water 
517.6 az 
507.6 a 
529.0 a 
517.3 a 
478.5 a 
525.6 a 
489.7 a 
535.5 a 
18.5 a 3.4 a 
14.8 a 3.1 a 
16.0 a 3.5 a 
15.5 a 3.5 a 
20.0 a 2.7 a 
15. 3 a 3.1 a 
17.3 a 3.1 a 
16.0 a 3.3 a 
z Means within a column and a parameter followed by same letter 
are not significantly different based on Duncan's Multiple Range 
Test at P=0.05. 
Y CF = Charcoal-filtered, NF = Non-filtered, NF + 03 = Non-
f iltered + 40 n11-1 0 31 and NF + C02 = Non-filtered + 500 u11-1 C02 • 
L 
1ermination while seed in the non-filtered and non-filtered + 
ozone pollutant regimes had lower germination. (Fig.1). After 
day 2, no significant differences due to pollutant regimes 
occurred. 
Germination of 1990 seed showed significant interactions 
between factors. A one-way analysis of variance was conducted 
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for each day. Germination began on day 2 for seed developed in 
all 3 pollutant regimes (Fig. 2). On days 4 and 5, germination 
percentages were significantly different due to pollutant 
regimes. For both days, charcoal-filtered had significantly 
higher germination percentages as compared to the non-filtered 
and non-filtered+ ozone pollutant regime (Fig.2). Germination 
of seed for all 3 pollutant regimes reached maximum germination 
around day 6 (Fig.2). 
Germination of the 1994 seed began on day 2. On day 4, 
maximum germination was reached. A three way-analysis of 
variance for the 1994 seed showed significant interactions 
between factors and significant effects due to pollutant regimes 
on day 2 and 6. One-way analysis of variance was conducted on 
these days. On day 2, percentage germination of 'Forrest' seed 
developed with water had significantly greater germination in the 
charcoal-filtered pollutant regime (Fig 3; Table 14). 
Germination was intermediate for seed developed in the non-
filtered pollutant regime. The non-filtered + ozone and non-
filtered + C02 seed had the lowest percentage germination {Fig.3; 
Table 14). on day 2, 'Forrest' seed developed with low water had 
39 
significantly lower percent germination in the non-filtered + C02 
pollutant regime compared to the charcoal-filtered, non-filtered 
and non-filtered + ozone pollutant regimes (Fig.4;Table 14). 
•Essex' seed developed with water on day 2 had higher germination 
Table 14. Percentage germination for seed produced in 1994 on 
days 2 and 6 after the start of imbibition at 30° c. 
'Forrest• 'Essex• 
40 
----------------------Day2---------------------
Pollutant 
regime 
NF 
CF 
NF 
Water Low water Water Low Water 
73 aY 61 a 64 a 38 a 
58 ab 63 a 64 a 60 a 
33 b 54 a 31 b 59 a 
33 b 10 b 49 ab 56 a 
---------------------Day6---------------------
95 a 85 ab 94 a 88 a 
91 a 95 a 93 a 86 a 
88 a 81 b 93 a 95 a 
95 a 84 ab 14 b 98 a 
CF = Charcoal-filtered, NF = Non-filtered, NF + 0 3 = Non-
f iltered + 40 n11-1 03 , and NF + C02 = Non-filtered + 500 u11-1 co2 • 
Y Means within a column and day followed by same letter are not 
significantly different based on Duncan's Multiple Range Test at 
P=0.05. 
Table 14. Percentage germination for seed produced in 1994 on days 
2 and 6 after the start of irnbibition at 30° c. 
'Forrest' 'Essex• 
--------------------Day2------------------------
pollutant water Low Water water Low water 
regime 
CFZ 73 aY 61 a 64 a 38 a 
NF 58 ab 63 a 64 a 60 a 
NF + 03 33 b 54 a 31 b 59 a 
NF + C02 33 b 10 b 49 ab 56 a 
----------------Day6----------------~-----------
CF 95 a 85 ab 94 a 88 a 
NF 91 a 95 a 93 a 86 a 
88 a 81 b 93 a 95 a 
95 a 84 ab 14 b 98 a 
CF = Charcoal-filtered, NF = Non-filtered, NF + 03 = Non-filtered 
+40 n11-1 03, and NF + C02 = Non-filtered + 500 u11-1 co2 • 
Y Means within a column and day followed by same letter are not 
significantly different based on Duncan's Multiple Range Test at 
P=0.05. 
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for charcoal-filtered and non-filtered pollutant regimes as 
compared to the non-filtered + ozone pollutant regime (Table 14; 
Fig.5). 'Essex' seed developed with low water on day two showed 
no statistically significant differences due to pollutant regimes 
(Table 14; Fig.6). 
On day 6, 'Forrest' seed developed with water showed no 
significant differences due to pollutant regimes (Table 14). 
However, 'Forrest' seed developed with low water showed 
significant differences due to pollutant regimes. Non-filtered + 
ozone and non-filtered + C02 had the lowest percentage 
germination while seed developed in the non-filtered pollutant 
regime had the highest germination (Table 14). 'Essex' seed 
developed with water showed significant differences in 
germination due to pollutant regimes. Germination was 
significantly lower for seed developed in the non-filtered + C02 
pollutant regime (Table 14). 'Essex' seed developed with low 
water showed no significant differences due to pollutant regimes 
for percentage germination (Table 14). 
Root Lengths 
The two-way analysis of variance of root lengths for 1989 & 
1990 seed showed no significant effects due to pollutant regimes 
(Fig.7 & 8). Significant effects due to year were revealed for 
roots for the 1989 & 1990 seed. Roots for the 1989 seed were 3 
times longer as compared to the 1990 seed (data not shown). 
Roots for both the 1989 & 1990 seed appeared on 3. 
Root lengths for the 1994 seed on day 3 and 6 revealed 
46 
significant interactions between factors and significant effects 
!""-
'<:!' 
%
 
G
 E 
R
 
M
 I N A 
T I 0 N 
FIG
 5. G
ER
M
IN
A
TIO
N
 O
F 
'ESSEX
' SO
Y
BEA
N
S 
D
EV
ELO
PED
 W
IT
H
 4 PO
LLU
TA
N
T R
EG
IM
ES A
N
D
 W
A
TER
 
IN
 1994. 
1
0
0
,
-
-
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
-
-
.
 
8 0 
...... 
-
-
-···-
·-.. -
....... -
... 
-
.
-
-
.... -
-
-
·
-
-
-
-
-
-
·
-
·
·
·
·
·
·
-
-
·
-
-
·
-
-
-
·
·
 
-
..... 
_
 
........... .. 
6 0 
.................... ·
-
·
·
-
-
-
·
·
·
·
·
·
-
·
·
-
-
-
-
-
-
-
·
-
-
-
.... -
-
-
-
·-
· 
40 
............. _
_
_
_
_
_
_
_
_
_
_
_
_
_
 .
 _
_
 ,_ .. 
_
_
_
 ., _
_
 ,. ... 
_, _
_
_
_
_
_
_
_
_
_
 ,
 
-
-
-
-
-
-
... 
-
... -
-
-
-
-
-
20 
,_._ ........ _, _
_
_
_
_
_
_
_
_
_
_
_
_
 ... ,
 ..
 _
_
_
_
_
_
_
_
 ....... _
 
.... _
., ........ _
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
 ,
 ...
.
.
.
.
.
 
.
 
o
-
-
~
~
~
~
~
~
~
~
-
J
-
~
~
-
L
-
~
~
_
.
_
~
~
_
_
.
_
~
~
-
-
'
 
0 -+
-
1 
Charcoal-filtered 
(no O:J 
2 
N
on-filtered +
 40 n11· 1 0
3 
3 
4 
5 
TIM
E (Days) Non-raltered 
-+
-
(amb_ient O:J 
6 
-
e
-
N
on-filtered +
 500 u11· 1 C
0
2 
7 
co 
~
 
o/o G E 
R
 
M
 I 
N
 A T I 
0 N 
FIG
 6. G
ER
M
IN
A
TIO
N
 O
F 
'ESSEX
' SO
Y
BEA
N
S 
D
EV
ELO
PED
 W
IT
H
 4 PO
LLU
TA
N
T R
EG
IM
ES A
N
D
 LO
W
 
W
A
TER
 IN
 1994. 
1 0 0 
-
·-
·-
· 
.......... 
-· ·
·
-
-
·
·
-
·
-
·
-
-
·
-
·
-
-
·
·
-
-
-
-
·
-
-
-
-
-
·
-
·
·
·
·
·
-
·
·
 ·
-
·
-
·
-
-
-
·
-
-
-
-
-
-
-
-
-
-
-
-
-
-
·
·
·
-
-
·
-
-
-
·
-
·
·
-
-
·
-
-
·
·
·
·
·•····· 
.
.
.
.
.
.
.
.
.
 
.
 
80 
-
·
 
.
.
.
.
 
-
·
 
··-
·
-
·
-
-
·
-
·
 
·
-
Ji 
-
·
-M
------
.. -
-
·
~
-
·
-
·
-
•
-
•
o
M
o
m
•
•
 
•Mo•H·-•~HMoo 
·
-
-
'
 
H
••-• 
'
"
'
 
•
•
 
-
'
'
'
'
 
60 1--·-·--------
-
-
-
-
.
,a,,t'l' 
/ 
40 
·
-
-
-
-
-
-
-
-
-
-
-
-
-
·
·
-
-
·
-
·
·
-
·
·
-
-
·
-
·
·
·
·
·
-
.
.
 
-
.•.. 
-
·
·
-
·
·
-
·
·
·
·
-
-
·
·
 
.
.
 
.
.
.
 
.
 
.
.
.
 
·
-
.
 
20 o-
-
~
~
-
-
-
~
~
-
'
-
~
~
_
_
.
_
~
~
-
'
-
~
~
-
'
-
~
~
-
-
'
-
~
~
_
_
,
 
0 
1 
Charcoal-filtered 
(no O:J 
2 
-+
-
N
on-filtered +
 40 n11· 1 0
3 
3 
4 
5 
TIM
E (Days) Non-filtered 
-
t-
(ambient O
J 
6 
-
e
-
Non-rJ.Jtered +
 500 uu·• C02 
7 
R 
0 
0 
T 
L 
E 
N 
G 
T 
H 
I 
c 
M 
L 
49 
FIG 7. ROOT LENGTH OF SOYBEANS DEVELOPED WITI 
POLLUTANT REGIMES IN 1989. 
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FIG 8. ROOT LENGTH OF SOYBEANS DEVELOPED WITH :: 
POLLUTANT REGIMES IN 1990. 
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due to cultivar (Table 15). A one-way analysis of variance was 
conducted for days 3 and 6. On day 3, 'Forrest' seed developed 
from plants with water revealed significant effects due to 
pollutant regimes. 'Forrest' seed from the non-filtered + ozone 
pollutant regime had the longest roots while roots in the 
charcoal-filtered pollutant regime were significantly shorter 
(Table 15;Fig.9). 'Forrest' seed developed from plants with low 
water also revealed significant differences due to pollutant 
regime. 'Forrest' seed developed from plants with low water had 
the longest roots in the charcoal-filtered and non-filtered + 
ozone pollutant regimes and the shortest roots occurred in the 
non-filtered and the non-filtered + C02 pollutant regimes (Table 
15; Fig.10). On day 3 'Essex' seed developed from plants with 
water showed no significant differences due to pollutant regimes 
(Table 15) (Fig. 11). However, 'Essex' seed developed from plants 
with low water in the charcoal-filtered pollutant regime had 
significantly longer roots compared to the other three pollutant 
regimes (Table 15) (Fig. 12). 
On day 6, roots for 'Forrest' seed in the water and low 
water regimes showed no statistically significant differences due 
to pollutant regime (Table 15). However, roots for the 'Essex' 
seed developed from plants with water had the shortest roots in 
the charcoal-filtered pollutant regime while the longest roots 
were in the non-filtered+ ozone pollutant regime (Table 15). 
'Essex' roots developed from plants with low water had the 
longest roots in the charcoal-filtered while the shortest roots 
52 
occurred in the non-filtered and non-filtered + C02 (Table 15) . 
L 
53 
T~ble 15. Root lengths (cm) at 3 and 6 days after the start of 
imbibition for 1994 seed. 
Pollutant 
regime 
NF 
CF 
NF 
'Forrest• 'Essex• 
water Low water Water Low Water 
-------------------------Day3--------------------
0. 06 bY 1. 30 a 0.05 a 0.44 a 
0.69 ab 0.34 b 0.18 a 0.15 b 
1. 27 a 0.72 a 0.27 a 0.07 b 
0.71 ab 0.16 b 0.48 a 0.07 b 
------------------------Day6--------------------
6. 91 a 6.83 a 5.52 b 10.23 a 
6.86 a 6.66 a 8.30 ab 6.04 b 
7.49 a 6.88 a 9.88 a 8.69 ab 
9.22 a 7.71 a 8.30 ab 6.11 b 
z CF = Charcoal-filtered, NF = Non-filtered, NF + 03 = Non-
filtered + 40 n11-1 03 , and NF + C02 = Non-filtered + 500 u11-1 co2" 
Y Means within a column and day followed by same letter are not 
significantly different based on Duncan's Multiple Range Test at 
P=0.05. 
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sugars 
Sugars in seed leachate for the 1989 and 1990 seed revealed 
that 1990 seed had greater sugar leakage in seed leachate 
compared to the 1989 seed (Table 16). No significant effects due 
to pollutant regimes were revealed (Table 16). Leakage of sugars 
in seed leachate for 1994 seed revealed no significant 
interactions between factors or significant effects due to 
cultivar, pollutant or water regime (Table 17). 
Amino Acids 
Analysis of leakage of amino acids for 1989 & 1990 seed 
leachate revealed no significant effects due to pollutant regimes 
or year (Table 16). Leakage of amino acids in seed leachate for 
1994 seed revealed no significant interactions between factors or 
significant effects due to cultivar, pollutant or water regime 
(Table 17). 
Ion Leakage 
The two-way analysis of variance for ion leakage for the 
1989 and 1990 seed leachate showed no significant interactions 
between factors, but year had significant effects (Table 16). 
1990 seed had greater ion leakage in seed leachate compared to 
the 1989 seed (Table 16). No significant effects due to 
pollutant regimes were revealed (Table 16). Ion leakage for the 
1994 seed showed no significant interaction between factors, or 
significant effects due to pollutant or water regime but cultivar 
showed significant effects (Table 17). 'Forrest' seed had 
greater ion leakage into seed leachate compared to 'Essex' seed 
(Table 17). 
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Table 16. Leakage of sugars (ug/g seed), amino acids (ug 
/g seed), and ions (%of total) for 1989 & 1990 
seed. 
1989 
1990 
Pollutant 
regime 
NF 
sugars 
(ug/g seed) 
454. 6 bz 
646.7 a 
573.8 a 
524.1 a 
554.1 a 
amino acids 
(ug/g seed) 
151. 9 a 
117.7 a 
144.0 a 
134.7 a 
125.7 a 
ions 
(%) 
25.2 b 
32.6 a 
32.7 a 
26.5 a 
27.5 a 
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z Means within a column and parameter followed by same letter are 
not significantly different based on Duncan's Multiple Range Test 
at P=0.05. 
Y CF = Charcoal-filtered, NF = Non-filtered, NF + 0 3 = Non-
f iltered + 40 n11-1 03 • 
~able 17. Leakage of sugars (ug/g seed}, amino acids (ug 
/g seed} and ions (% of total} for 1994 seed. 
cul ti var 
'Forrest' 
'Essex' 
Pollutant 
regime 
NF 
water 
regime 
water 
low water 
sugars 
(ug/g seed} 
429.4 az 
423.1 a 
393.5 a 
445.6 a 
448.8 a 
417.1 a 
436.1 a 
416.5 a 
amino acids 
(ug/g seed} 
19.1 a 
18.5 a 
19.0 a 
18.9 a 
18.9 a 
18.3 a 
19.0 a 
18.7 a 
ions 
(%) 
25.1 a 
17.3 b 
26.6 a 
17.7 a 
19.3 a 
21.2 a 
22.8 a 
19.5 a 
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z Means within a column and parameter followed by same letter are 
not significantly different based on Duncan's Multiple Range Test 
at P=0.05. 
Y CF = Charcoal-filtered, NF = Non-filtered, NF + 0 3 = Non-
f iltered +40 n11-1 031 and NF + C02 = Non-filtered + 500 u11-1 C02 • 
CHAPTER 5 
DISCUSSION 
62 
Soybean field conditions in 1994 were infested by beetles 
which were found grazing on many soybean plants. An estimate of 
the number of beetles present or actual plant number destroyed 
due to beetle attack was not taken. In 1995, field conditions 
were plagued with pigweed. Half of the field plot by the 4th 
week sampling date had serious competition with the pigweed which 
had been planted in the same location one year prior to this 
study. An herbicide program was not initiated soon enough and 
the low numbers of plants emerged in 1995 may have been 
compounded due to these factors. 
The 1989 and 1990 seed showed more significant differences 
due to year, however some differences due to pollutant regimes 
were observed. The 1989 seed were more vigorous than the 1990 
seed for several parameters in the 1995 field season. Sugar and 
ion leakage also gave an indication that the 1989 seed was more 
vigorous compared to the 1990 seed. Inconsistent with these 
findings is the 1994 field season where the 1990 seed had greater 
plant emergence. However, that field season was afflicted with 
an infestation of beetles. Plant emergence was the only 
parameter where the 1990 seed did better than the 1989 seed. 
Pollutant effects for the 1989 & 1990 seed were observed in 
germination studies. Seed developed in the charcoal-filtered 
regime for the 1989 seed was greater on day 2. After day 2, no 
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statistically significant differences due to pollutant regimes 
were observed. For the 1990 seed on days 4 and 5, germination 
percentages were significantly higher for seed developed in the 
charcoal-filtered pollutant regime compared to the non-filtered 
and non-filtered + ozone pollutant regimes. Pollutant effects on 
the 1989 & 1990 seed were not seen in any other parameters. 
Pollutant and cultivar effects were revealed for the 1994 
seed. Differences due to pollutant regimes were observed in 
several parameters such as plant height, garmination, and root 
lengths. Differences due to cultivar were observed in plant 
height and ion leakage. No consistent patterns were found 
linking ozone to decreased soybean seed vigor. However, the non-
filtered + co2 regime was significantly lower or intermediate in 
differences observed. Since several significant differences were 
observed due to pollutant regimes, further studies are needed. A 
possible study might use only one cultivar and one water regime. 
An increase in replications, especially for analysis of sugars, 
amino acids and ions may be better to find statistically 
significant differences. 
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PRELIMINARY TESTS 
~reliminary Imbibition Tests 
Two replications of 2 seeds per 10 ml (Fig.Al) and 2 seeds 
per 20 ml (Fig.A2) were imbibed for 24 hours at 25° c. 
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Electrical conductivity readings were recorded every three hours 
until a twelve hour period was reached and thereafter, readings 
were recorded every six hours. Readings were completed at 24 
hours. Graphs were constructed with time (hours) plotted against 
electrical conductivity 
A water volume of 20 ml per rep was chosen to provide ample 
solution for analyses. A seed sample size of two per rep was 
chosen to reduce variability between replication consisting of 
only one seed. 
Fig.Al 24-HOUR IMBIBITION TEST 
(TO DETERMINE LEAKAGE PLATEAU) 
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Fig.A2 24-HOUR IMBIBITION TEST 
(TO DETERMINE LEAKAGE PLATEAU) 
2 seeds per 20 ml 
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APPENDIX A 
STANDARD CURVES 
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FIG.B2 STANDARD GLUCOSE CURVE FOR 
1994 SOYBEAN SEEDS. 
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FIG.B3 STANDARD LEUCINE CURVE FOR 
1989 AND 1990 SOYBEAN SEEDS. 
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FIG.B4 STANDARD LEUCINE CURVE FOR 
1994 SOYBEAN SEEDS. 
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